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ABSTRACT 



feasibility study of simulation model for planning on an urban campus 

This study is designed to determine if it is possible and 
worthwhile to develop a formal simulation model as an aid to 
urban university management. 

Evidence is introduced which indicates that existing plan- 
niTig models may not be Justified on a basis of benefits derived 
versus their development and operating costs. 

A survey of models and ideas indicates that CAMPUS and 
WICHE's RRPM* are the most promising points of departure for 
the development of a new planning model. 

The stability of the elements of an induced course load 
matrix (ICLM) » the core of both CAMPUS and RRPM,. is examined 
using data from a large, urban university. This examination 
is conducted on several levels of aggregation. 

In general , the ICLM is found to be viable as a basis for 
a planning model, assuming the model is flexible enough to allow 
the appropriate level of aggregation. 

Proposals are advanced for the implementation of a planning 
model. The implementation role of line managers and their staffs 
is stressed. 

Major reliance on WICHE’s development and documentation of 
the RRPM model is suggested. 
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PREFACE 



This feasibility study is an outgrowth of an idea which 
originated with Dennis Grawoig and Martin Roberts of Georgia 
State University. David Hart, who works on the staff of the 
Dean of the School of Business Administration of Georgia 
State University, developed the guidance-evaluation system 
from which the data used in this study was obtained, Mr. 
Hart also developed a system to convert this basic data into 
the crossover table format. June Wilson wrote the computer 
programs which implemented Mr. Hart's system. Research as- 
sistance was provided by Don Bickham, Debbie Dean, and Jerry 
Ross. I am deeply indebted to all of these people. 
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FEASIBILITY STUDY OF SIMULATION MODEL 

FOR 



PLANNING ON AN URBAN CAMPUS 



I. INTRODUCTION 

This study is designed to determine if it is feasible to 
develoo a formal simulation model as an aid in urban universitv 

i * 

management. Feasible , as used here, means not only possible, 
but also worthwhile, 

A. Role of Model Versus Role of Decision-Maker 

In order to more clearly define the role of a 
simulation model in the planning process, lot us first 
consider that process in a conceptual framework, Juan 
Cassasco has drawn on widely accepted planning techniques 
to develop a planning cycle for university management, ^ 

This cycle, which is divided into an analysis phase and 
an operations planning phase, can serve to distinguish 
the role of the simulation model from that of the decision- 
makers , 

1. Analysis Roles 

In the analysis phase, the decision-makers must 
set objectives, identify specific goals, isolate 
problems, and develop alternative courses of action* 

A simulation model is useful in this phrase if it 
provides appropriate and accurate information to the 
person who needs it when it is needed, A useful model 
will lend structure to the situation. It will provide 
insights into the tradeoffs which may be effected* In 
short, a model should provide information which allows 
a planner to make better decisions. Planners should 
clearly understand that models do not make decisions . 

2. Digression on Objectives 

There has been considerable discussion in the 
literature of planning models concerning the need to 
understand objectives. While it is true that model 
developers must know generally about the processes 
and problems of university management, the main 



1 Casasco, Juan A., Planning Techniques for University Management , pp, 4-7. 
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focus of the model should be on capturing the important 
relationships within the system which is being modelled. 
Concern with objectives is in the province of the plan- 
ner not the model developer, although the modeler must 
certainly understand how the model is to be used. In 
fact, excessive attention to objectives may lead to a 
sub-ootimal model in the sense that it may be slanted 



toward providing specialized classes of information 
to the neglect of a more balanced picture. There is an 
interesting discussion in a report 2 on the Duke. Univer- 
sity Seminar on Management Information Systems : Thfi. 

State of the Art of the need for the planner and the 
model developer to be different people. Some would 
argue they should be different because of the different 

perspectives required in modelling and decision-making. 
Decision making requires a broad view of many considera- 
tions which cannot be included in a model, including some 
which may be irrational. Models, on the other hand, are 
completely rational and internally coherent. Also, deci- 
sion makers must often work under extreme time pressure 



in the face of incomplete information, so that model 
results must be immediately available if they are to be 
useful. There is often little time for a decision-maker 
to develop a model in order to get information which he 
needs. These factors would indicate that a separation of 
the modelling and decision-making function is desirable. 



The premise of my report is that whether a model is 
developed by the decision-makers or someone else there is 
a distinction between the role of the model and the role 
of the decision-maker. The model provides structure, il- 
luminates tradeoffs, and gives other timely information. 
The decision-maker evaluates alternatives in the light of 
goals and objectives on the basis of model-originated 
information, but also on the basis of subjective informa- 
tion, such as intuition or a feel for political consequen- 
ces, which cannot be reflected in a model. 



2johnson, Charles B, and Katzenmeyer, William G. , eds . , Management Information 
Systems in Higher Education , pp. 40-41. 

3 See the article by Russell, John Dale, "Decision Making in Higher Education," 
in The Instructional Process and I nstitutional Research , pp. 19-27, and 
Baughman, George W. , "Towards - ! - ' Theory of University Management," in Johnson 
and Katzenmeyer, pp. 3-28. 
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My study presumes further that the incorporation 
of a goal structure and methodology for evaluation of 
alternatives as a part of the model may be dangerous. 
Objectives may change rather subtly. Creative decision- 
makers may find that too much structure in a model stifles 
innovation. So far as is possible, model structures 
should be independent of objectives, so that decisions 
are not dictated by model results or lack of them. 

3. Implementation Roles 

The second major phase of Casasco r s conceptual 
framework centers about a completed decision. Once a 
decision has been made it must be translated into action 
through a statement of policies and priorities and by an 
allocation of resources. The decision must be evaluated 
through the results attained. The entire process must be 
re-cycled in view of new information and changing circum- 
stances. The model will be useful in this phase if it 
provides a framework for timely data acquisition and 
develops this data into usable information. The decision- 
maker must translate, evaluate, and rethink. 



B. The Need to Assess Potential Benefits from the University 
Simulation Model. 

4 

Several universities have developed operational data systems 
and have used the information gathered in planning applications. 
This would seem to make somewhat academic the question of whether 
a planning simulation is feasible. In fact, however, there is 
reason to believe that many of the university planning models and 
the associated data systems are not self-supporting in terms of 
benefits derived compared with their costs. Consider the feelings 
of the president of a university which is spending over $2,000,000 
a year on computer operations. He said, "I cannot see that the 
administration of this university is receiving any benefit from our 
computer operations but still have the feeling that we can and 
should. "5 if the expenditure of 20% additional administrative 
effort brings about a 10% savings in administrative salaries, there 
is some question as to whether such an expenditure is justified. 



4 

Minter, John and Lawrence, Ben, eds,. Management Information Systems and 
Their Development and Use in the Administration of Higher Education , contains 
a list of 45 colleges and universities which have "made significant progress 
in the development of operational data systems" on p. 97. 

^Van Dusseldorp, Ralph, "Some Principles for the Development of Management 
Information Systems" in Johnson and Katzenmeyer, pp. 29-41* 





A decision-maker contemplating the development of a planning 
model should ask these three questions: 

1, Can we do a good job under the present system? 

2 , How much better can we do under the proposed system? 

5, Is the added benefit worth the added cost? 

A statement by Warren W. Gulko, director of WICHE's Planning 
and Management Systems Development and Applications, should serve 
as a warning here. 



"Simulation models in higher education are not 
sufficiently proven at this time to warrant a level 
of confidence sufficient to persuade administrators 
to change their current methods of budgeting and 
planning. In fact, developers of analytical models 
would insist that such models may not be useful for 
current year applications until they have been oper- 
ational within an institution for some time. Conse- 
quently, when analytical models are eventually 
implemented within an institution, such implementation 
will be parallel to the existing system. Only as 
models become fully operational will the old system 
be supplemented by the new system."® 

In the face of these opinions, it is not at all obvious that 
the development expense of a university simulation model will be 
justified by the benefits derived. 

Further, it is not obvious that detailed feasibility studies 
are very useful in determining whether the ultimate benefits will 
justify the effort involved in developing a massive system. Fur- 
ther evidence on benefits derived from systems already developed 
may be the best guide for the feasibility of studies in the plan- 
ning phase.' 

C. Why Is Urban University Management. Unique? 

Universities arc unique among institutions which must be 
managed, and large, public, urban universities are a unique 
subset among all universities. 



iulko, Warren W, , The Resources Requirements Prediction Model CRRPM-l) : 
in Overview , WICHE Technical Report #16, p.2 

'an Duss eldorp , Ralph, "Some Principles for the Development of Management 
information Systems," points this out on pp. 35-36. 
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In universities, the product is difficult to define and 
the quality and quantity of output is difficult to measure. 

The voice of the constituency (students and the general pub- 
lic) is relatively weak (although less so recently) , and 
effective quality control is difficult. Academic programs 
are planned by people who have a strong allegiance to some 
disciplinary area, but may not have a clear view of the uni- 
versity as a whole. Funding comes from outside agencies, 
tvhich "are out of the direct sphere of influence of university 
managers. Each of these attributes make management of univer- 
sities in general a different process from the management of 
an institution which produces an output which is sold in a 
market . 

Large, public, urban universities are a rather unique 
subset of universities in that they serve a more volatile 
student bodv. This is true because many students work as 
well as go to school, many shift back and forth from day to 
night classes, and many drop out of school for a while and 
then re-enter. Definition of classes is difficult since 
there is no well-defined group of students who enter as 
freshmen in 197X and graduate in 197X + 4. Students may 
take from 3 to 10 years to complete an undergraduate degree 
program. Planning is more difficult than in other universi- 
ties because of this inherent instability of the student body 
and consequently of its needs. 

For these reasons, it is worthwhile to investigate plan- 
ning models in a preliminary analysis even if they have been 
successfully used in other contexts. There is no basis for 
believing that a simulation model can be usefully applied in 
in universities simply because it has been used successfully 
by General Motors, for instance. Similarly, there is no basis 
for concluding that a model which yielded useful information 
at the University of Georgia will for that reason be success- 
ful at Georgia State University. 

D.' Specific Areas of Inquiry 

The basic question is, "Does the structure of an urban 
university lend itself to modeling?" The following inter- 
related areas must be investigated in order to properly ans- 
wer that question. 



®This problem is discussed at length and very usefully in Lawrence, Ben, 
et. al.. Outputs of Higher Education : Their Identification , Measurement , 

and Evaluation. 
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1 . 



Stability of Model Elements 



A structure lends itself to modeling if the 
relationships of interest are stable. Kenneth 
Boulding, the economist, as quoted in Jewett 
says, "Images of the World can only take the form 
of mathematical models if the world itself has 
orderly patterns which mathematical models can 
describe", ^ Quantitative models rest on the assump- 
tion that there is some regularity underlying the 
phenomenon being modelled. It is impossible to 
model a situation in which something unexpected 
happens time after time. In a university, for 
instance, if 75% of the freshmen always take the 
initial English course during their first quarter 
in residency, that relationship can be used in set- 
ting up a model of resource requirements. . If no 
pattern exists however, it is quite difficult to 
set up a meaningful model, 

2, Level of Aggregation 

Closely related to the stability question is 
the choice of a level of aggregation of a model. 

More highly aggregated relationships are more likely 
to be more stable simply because the aberrations of 
individuals or quirks of circumstance are more likely 
to be "averaged out" if a large number of people or 
circumstances are involved. The appropriateness of 
various levels of aggregation of a model do not relate 
to the attendant stability, however, so much as to the 
uses to which the model is to be put, A long range 
planning model for land acquisition might be highly 
aggregated, for instance, while a quarterly model for 
planning course offerings should be based on a low 
level of aggregation. Models which contain unstable 
elements at the required level of aggregation simply 
are not usable. 



3. The Planning Horizon 

A dimension of modelling which is closely related 
to both the stability and level of aggregation prob- 
lems is that of the planning horizon. Many important 
questions which university managers face, such as 



Q 

Jewett , Frank I,, Fedderson, Alan P,, Lawson, Donald F,, and O’Grady, 
William D,, "The Feasibility of Analytic Models for Academic Planning-- 
A Preliminary Analysis of Seven Quarters of Observations on the ’Induced 
Course Load Matrix,” 1 n. i* 
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class scheduling, involve a relatively short time 
horizon. Others, such as building and land acqu- 
sition, require so much time between a decision and 
the occurrance of the planned event that quite a 
long time horizon is involved. Models are useful 
if they deal with relationships that are sufficient- 
ly stable at the appropriate level of aggregation to 
allow accurate projections far enough in the future 
so that sufficient lead time exists between the need 
for a decision and the need for the outcome dictated 
by the decision. 

Data Availability and Model Implementation 

Given that the stability, aggregation, and time 
horizon requirements are fulfilled, a model is feas- 
ible if the data which supports it is available or 
can bo acquired. Given data and a feeling that the 
simulation model is worthwhile, the remaining question 
concerns the implementation of the system simulation. 

Each of these questions will be dealt with in the 
sections which follow. 



II. METHODS 



In summary, the method used in this study consists of a 
comprehensive review of model types which have been developed. 

While the study was started on the premise that a stochastic 
microanalysis would be an acceptable model type, it soon be- 
came obvious that there were several alternative model types 
which were also promising. 

This feasibility study is not directed toward the justi- 
fication of a particular modol type, but toward a broad review 
and synthesis of work which has been done across the range of 
university planning model types. The use of this prior devel- 
opmental work as a point of departure promises to eliminate the 
need for much costly and time consuming basic analysis. 

A. Survey of Literature in Simulation Models 

A search of the literature concerning simulation models 
turned up the following significant bibliographies. The bi- 
bliography of this report contains complete reference infor- 
mation concerning each of these. 

First, there is a bibliography containing 1333 items, 
which was compiled by Klaus Iilifner. 1 This bibliography 
categorizes literature on the economics of higher educa- 
tion and educational planning through 1967. 

Another useful source was Models for Planning , prepared 
by the ERIC Clearinghouse on Educational Administration, This 
document analyzes research trends in the applications of plan- 
ning models to broad educational systems and extends Hufner's 
survey through 1969. 

Other important reference sources for this study are those 
of Chamberlin, Diener and Trowcr, ERIC, Hall, Twelker, and Re- 
view of Educational Research. 

A useful reference source for more current work is Research 
in Education (RIE) , the monthly catalog of abstracts which is 
published by the Educational Resources Information Center (ERIC) , 
the national information center operated by the U.S. Office of 
Education , 



1 Hiifner, Klaus, "Economics of Higher Education and Educational Planning -- A 
Bibliography," pp. 25-101 i 
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More philosophical insights were provided by documents 
such as the annual Proceedings of the Forum on Institutional 
Research , sponsored by the Association for Institutional 
Research, and by reports of seminars such as that edited by 
Minter and Lawrence of the Western Interstate Commission for 
Higher Education (WICHE) . 

Two publications which are most significant for this 
study , however, are Casasco f s Planning Techniques for Uni- 
versity Management and A Structural Comparison of Analytical 
Models for University Planning , by Weathersby and Weinstein, 
Casasco f s report catalogs 21 existing models by types and 
summarizes their objectives, methods, findings, applications 
and limitations. The Weathersby-Weinstein report contains a 
conceptual framework against which a number of mathematical 
models which are currently available are compared with respect 
to their comprehensiveness, structure, mathematical approach, 
and relative desirability. This report also contains a very 
useful bibliography. 

In view of the wealth of material which is available, it 
is apparent that the development of an extensive bibliography 
as an attachment to this report would not be useful. This 
effort would simply consist of a rearrangement of materials 
contained in the bibliographies referred to above* The bi- 
bliography for this study will refer only to works which are 
mentioned in the narrative. 

The insights gained from the literature were supplemented 
with conversations or correspondence with researchers and ad- 
ministrators who are currently involved in either developing 
management models or in managing in the absence of a formal 
model , 



B . Macroanalytical Models 



It seems that a useful distinction between approaches to 
modeling is that between macroanalysis and microanalysis 
Macroanalysis is concerned with relationships among aggregated 
variables. An example of such a relationship is the average 
number of credit hours completed per student per quarter. The 
concern is not with any individual or his particular motivations , 



2 

"See Cohen, Malcolm S. , "Quantitative Methods: Models and Simulation -- A 

Summary of Techniques," p, 153 for this and other distinctions. An extreme- 
ly useful overview of university modeling considerations is found in Wall- 
haus, Robert A., "Modeling for Higher Education Administration and Manage- 
ment," pp. 125-144. 



O 

ERIC 
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but with an average relationship within the student body. 
Microanalysis, on the other hand, is concerned with indi- 
vidual actions and motivations. For instance, a micro- 
analytical approach might concern itself with understanding 
the reasons for which a student might take one, two, or 
three courses per quarter. In the following four sections, 
several macro analytical approaches will be examined. 



1 . CAMPUS 

The first operational comprehensive university 
simulation model was CAMPUS , developed by the Systems 
Research Group (SRG) of Toronto. This is a complex, 
flexible model which requires an extensive data base. 
This model may be purchased from a merchandising of- 
fice of SRG, It is reported to require about 18 
months to set up and uses the computer equivalent of 
an IBM 360/65 in large university applications.^ 

It is operational in a number of colleges in Ontario 
and is being extended to some colleges in the United 
States . 

2 . RRPM 



The major alternative to CAMPUS is the Resources 
Requirements Prediction Model (RRPM), which was devel- 
oped through the Western Interstate Commission for High- 
er Education (WICHE) . WICHE is a public agency supported 
by both government and private groups . The RRPM model is 
still in a developmental stage, although the initial ver- 
sion, RRPM-1, is operating at eight institutions in a 
pilot test, ^ 

The RRPM-1 version estimates resources necessary to 
support a given student body, subject to certain adminis- 
tratively determined parameters , such as average faculty 
teaching load, class sizes, and faculty salary schedules. 
Outputs include faculty requirements, space requirements, 
and various projected costs. 



*Z 

Casasco, Juan A., Planning Techniques for University Management , p. 18. 

4 Gulko, Warren W. , The Resources Requirements Prediction Model (RRPM-1) : 
An Overview , p, 25. 
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An expanded version, RRPM-2, is under development. 

It will contain a student flow module, a faculty flow 
module, and a revenue forecasting module and will allow 
the study of more complex relationships. It will allow 
a more sophisticated treatment of the research and pub- 
lic service function of a university. 

3. Other Comprehensive Models 

Other comprehensive university planning models 
which were examined as a part of the study have been 
developed at the University of California, Michigan State 
University, Tulane University, the University of Miami, 
and by Peat, Marwick, Mitchell and Company. Detailed 
references to these models are included in the biblio- 
graphy under "Planning Models." Some of these are pri- 
marily of academic interest, while others, while opera- 
tional, are of more limited scope or not as fully 
documented as the CAMPUS and RRPM models. For these 
reasons, my study is directed toward an examination of 
CAMPUS and RRPM in an effort to discover developmental 
work which has been completed and which may serve as a 
starting point in judging the feasibility of a comprehen- 
sive university simulation model. The decision to concen- 
trate on CAMPUS and RRPM has been reinforced by conversations 
and correspondence with experts. They generally agree this 
is the best starting point. 

4. The Induced Course Load Matrix (ICLM) 

Of critical importance in both the CAMPUS and RRPM 
models is the induced course load matrix (ICLM). As used 
in these models, the ICLM specifies the demands 1 on the 
courses in various disciplines (for example, economics, 
accounting or quantitative methods) made by students at 
various levels (for example, freshmen, sophomores, etc.) 
in various degree programs (for example, BBA in Insurance, 
etc.). The ICLM is a flexible concept adopted from the 
input-output table developed by Professor Leontief, an 
economist*. It may be appropriately used to organize data 
at several different levels of aggregation. 

For example, an ICLM could be developed to represent 
the demands by majors on the courses of various disciplines 
in an MBA program. At this level of aggregation the dis- 
tinction between first and second year students may not be 
important. Appendix 1 contains a sample ICLM for such a 
program along with a demonstration of how it may be used. 
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The ICLM is an important concept in comprehensive 
planning models , in that it makes unnecessary the need 
to trace the path of any individual student through the 
curriculum. While such a path could be traced out based 
on degree requirements and normal course sequences, it 
is extremely complex for a very large system with many 
alternatives. This problem is compounded in urban uni- 
versities because students drop in and out of school 
from quarter to quarter. If the elements of the ICLM 
are reasonably stable, or if their variation can be 
related to trends or changes in the curriculum, then 
it will be useful as a planning device. If, however, 
the elements are not stable and the instability cannot 
be predicted or understood, the ICLM is of limited use 
as a planning device. 

The legitimacy of both CAMPUS and RRPM as planning 
models rests with the stability of the elements of the 
ICLM* 5 , which are the bases around which these models 
are built. The developers of RRPM state that "there is 
some question as to the stability of the ICLM at any one 
institution," 5 A recent study by Jewett, et. al,® con- 
firms that there is some question as to the desirability 
of implementing a planning model based upon an ICLM, 

A major effort in this feasibility study is conse- 
quently centered around an examination of the elements 
of ICLM' s representing various levels of aggregation. 

If these elements prove sufficiently stable, then it is 
reasonable to use the ICLM as the basis fur a comprehen- 
sive planning model of the type described in Appendix 2, 



C. Microanalytical Models 

Microanalysis differs from macroanalysis in that it deals 
with motivations for choices made by individuals within a sys- 
tem rather than with trends and averages. This allows a much 
more detailed simulation and analysis, but also requires much 
more detailed data. 



5 Gulko, Warren W. , RRPM : An Overview , p. 17. 

® Jewett, Frank I,, et. al., "The Feasibility of Analytic Models for Academic 
Planning — A Preliminary Analysis of Seven Quarters of Observations on the 
’Induced Course Load Matrix’ ”, p, 16, 
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A microanalyti cal model of a university might deal with 
questions such as : 

1. Why does a student decide to go to college? 

2. Why does he select a particular college? 

3. Why does he select a particular major? 

4. Why does he decide to work part-time while attending 

school ? 

5. Why does he decide to take 15 credit hours rather 
than 10 credit hours? 

6. Why does he select a particular set of courses in 
a particular quarter? 

The analysis of a set of decision points can quickly become 
unmanageably complex. For instance, a series of fifteen sequen- 
tial decisions, each involving only two possible choices, will 
result in 32,768 (2^5) possible combinations of decisions. Twen- 
ty such decisions would result in 1,048,576 £2^®) possible com- 
binations . 

Since a preliminary analysis of the decisions made by students 
as they move from high school through graduation from a university 
indicates that many more than twenty decisions are involved with 
many more than two choices at most decision points, it is clear 
that a comprehensive model using a microanalysis is not feasible. 

The literature of simulation studies contains several refer- 
ences to the problems of unmanageably complex structures which 
simply cannot be adequately modeled using microanalytic methods. 

A pioneering effort by Guy Orcutt and his colleagues 7 resulted 
in an approach which was manageable so long as the system was 
not too complex. Even so, Orcutt* s approach was extremely ex- 
pensive in terms of computer time required. 

A later study reported on an attempt of the University of 
Minnesota to develop a microanalysis to predict College enroll- 
ments. The conclusions from this report seem to be that major 



7 0rcutt, Guy; Greenberger, Martin; Korbel, John, and Rivlin, Alice, 
Microanalysis of Socioeconomic Systems 
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